Role of oxidant stress in lawsone-induced hemolytic anemia.
Lawsone (2-hydroxy-1,4-naphthoquinone) is the active ingredient of henna (Lawsonia alba), the crushed leaves of which are used as a cosmetic dye. Application of henna can induce a severe hemolytic anemia, and lawsone is thought to be the causative agent. Administration of lawsone to rats has been shown to induce a hemolytic response that is associated with oxidative damage to erythrocytes. However, direct exposure of isolated erythrocytes to lawsone did not provoke oxidative damage, suggesting that lawsone must undergo extra-erythrocytic bioactivation in vivo. In the present study, the survival of rat 51Cr-labeled erythrocytes in vivo after in vitro exposure to lawsone and its hydroquinone form, 1,2,4-trihydroxynaphthalene (THN) has been examined. Neither lawsone nor THN were directly hemolytic or methemoglobinemic, even at high concentrations (>3 mM). Lawsone had no effect on erythrocytic GSH levels, whereas THN (3 mM) induced a modest depletion (approximately 30%). Cyclic voltammetry revealed that the lack of hemotoxicity of lawsone was associated with a poor capacity to undergo redox cycling. In contrast, ortho-substituted 1,4-naphthoquinones without a 2-hydroxy group, such as 2-methyl- and 2-methoxy-1,4-naphthoquinone, were redox active, were able to deplete GSH, and were direct-acting hemolytic agents. An oxidant stress-associated hemolytic response to lawsone could be provoked, however, if it was incubated with GSH-depleted erythrocytes. The data suggest that lawsone is a weak direct-acting hemolytic agent that does not require extra-erythrocytic metabolism to cause hemotoxicity. Thus, the hemolytic response to henna may be restricted to individuals with compromised antioxidant defenses.